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Description 

FAN PENETRATION FEATURE FOR 
IN-VEHICLE TESTING 

Background of Invention 

[0001] The invention relates generally to fan drive systems and 
more specifically to a fan penetration feature for in- 
vehicle testing. 

[0002] in-vehicle testing of fans and fan drives is highly desirable 
to optimize the cooling performance of the fan on cooling 
system components, such as a radiator, balanced against 
other performance factors such a fuel economy and power 
usage. 

[0003] In order to obtain optimal performance for an associated 
fan drive and clutch system, it is desirable to alter the fan 
penetration within the radiator shroud during in-vehicle 
testing. Fan penetration, for the purposes of the present 
invention, is defined as the distance between the fan 
blades and the radiator. The greater the fan penetration, 
the smaller the distance between the fan leading edge of 



the blades and the radiator, and the deeper the fan blades 
are positioned within a radiator shroud and away from the 
fan clutch assembly. As the fan is rotated at a fixed rota- 
tional speed during in-vehicle testing, fan penetration di- 
rectly affects the cooling performance characteristics of 
the fan by changing its proximity to the radiator. 
[0004] Typically, fan penetration alteration during in-vehicle 

testing cycles is accomplished utilizing shims placed be- 
tween the fan clutch assembly and the fan to alter the rel- 
ative distance between the fan and fan clutch assembly. In 
order to install, or alter, the location of the shims, it is 
currently necessary to first cool the engine from operating 
temperatures prior to allowing technicians to alter fan 
penetration. The engine must then be warmed back up to 
operating temperatures to conduct the test at the next fan 
penetration. This process in time consuming, typically 
taking up to two or three hours to complete each shim al- 
teration. 

[0005] Another undesirable feature associated with the use of 

shims to alter fan penetration is the limited amount of fan 
locations achievable. Typical shims allow fan position 
changes of about one-quarter of an inch. Thus, fan opti- 
mization can be compromised within these parameters. 



[0006] It is thus highly desirable to provide a new method for 

performing fan penetration alterations for in-vehicle test- 
ing that address these problems. 
Summary of Invention 

[0007] The present invention provides a method for testing cool- 
ing performance characteristics of a fan drive system at 
various fan penetrations during in-vehicle cooling tests. 
This feature allows optimal fan penetration positioning 
within the cooling system to be accomplished in a fraction 
of the time typically associated with prior art systems that 
utilize shims to determine optimal fan penetration. Fur- 
ther, the present invention allows quick changeovers 
without the need to cool down the engine, thereby de- 
creasing changeover time associated with the cooling and 
subsequent warm-up of the engine back to operating 
temperatures during these tests. Also, the present inven- 
tion allows for an infinitely variable fan location relative to 
the fan clutch assembly, as compared with systems that 
utilize shims and have a limited amount of potential fan 
penetration settings, thereby resulting in potentially more 
efficient fan performance than through the use of shims. 

[0008] The present invention provides a fan penetration fixture 
consisting of a threaded shaft and a locking fan hub de- 



sign. The fixture is designed to tal<e the place of the fan 
clutch on a fan drive assembly in the vehicle being tested. 
The threaded shaft portion of the fixture bolts to the fan 
hub. The desired fan is then bolted to the locking fan hub 
portion of the fixture. The lock nut can be positioned at 
any point along the threaded shaft to achieve a desired 
fan penetration. The vehicle is then turned on and warmed 
to operating temperature, wherein the cooling system is 
then tested for a one or more cooling system performance 
characteristics. To alter fan penetration, simply loosen the 
lock nut feature, reposition the fan along the threaded 
shaft, and retighten the lock nut feature to a new fan pen- 
etration, wherein the vehicle is turned on and new mea- 
surements taken. The changeover is quick and easy, and 
may be done without first substantially cooling the vehi- 
cle's engine. 

[0009] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[0010] Figure 1 is a perspective view of a cooling system having 
the fan penetration fixture having a first fan penetration 



according to one preferred embodiment of tlie present in- 
vention; 

[0011] Figure 2 is a perspective view of a cooling system of claim 
1 having a second fan penetration; 

[0012] Figures 3 and 4 are close-up views of the fan penetration 
fixture of Figures 1 and 2; and 

[0013] Figure 5 is a logic flow diagram for installing the fan pen- 
etration fixture to a cooling system within a vehicle and 

testing the fan penetration at various fan penetrations. 
Detailed Description 

[0014] In the following figures the same reference numerals will 
be used to refer to the same components. In the following 
description, various operating parameters and compo- 
nents are described for one constructed embodiment. 
These specific parameters and components are included 
as examples and are not meant to be limiting. 

[0015] Referring now to Figures 1 and 2, a cooling system 20 is 
depicted as having a fan penetration fixture 22 secured to 
a front portion 24 of a fan hub assembly 26 preferably 
using one or more socket head cap bolts 28. The fan hub 
assembly 26 is also coupled opposite the fan penetration 
fixture 22 to the FEAD (Front End Accessory Drive) bracket 
on the front gear case 27 of the engine 29 preferably us- 



ing a series of bolts 31. The fan hub assembly 26 also has 
a crank pulley 33 and accessory pulley 35. A drive belt 37 
is coupled to the crank pulley 33 which in turn is mounted 
to the engine crankshaft (not shown). A second drive belt 
39 is coupled to the accessory pulley 35 and is used to 
drive other associated engine components such as the al- 
ternator (not shown). The drive belts 37, 39, crank pulley 
33, and accessory pulley 35 thus rotate as a function of 
the rotational speed of the engine crankshaft. 
[0016] The cooling system 20 also has a fan assembly 30 having 
a plurality of fan blades 32 and a hub portion 34. The hub 
portion 34 is preferably secured to the fan penetration 
fixture 22 using one or more socket head cap bolts 36 
such that the fan blades 32 are positioned within a radia- 
tor shroud 38 of a radiator 40. The rotation of the engine 
crankshaft induces the rotation of drive belts 37, 39, 
which in turn rotates the hub assembly 26, fan penetra- 
tion fixture 22, and hub portion 34. The rotation of the 
hub portion 34 then rotates fan blades 32 to cool the ra- 
diator 40. 

[0017] The fan penetration fixture 22 also fixes the location of 
the fan blades 32 at a distance Dl relative to the radiator 
40. The relative location of the fan blades 32 between the 



front portion 24, as defined by distance Dl, is also l<nown 
as fan penetration. Figures 1 and 2 siiow two separate fan 
penetrations, wlierein distance Dl is smaller in Figure 1 
than in Figure 2. For the purposes of the present inven- 
tion. Figure 1 is defined as having a deeper fan penetra- 
tion than Figure 2. 

[0018] By varying the fan penetration, a determination of any de- 
sired cooling system performance characteristic of the fan 
assembly 30 to the radiator 40 can be measured for each 
possible fan penetration. These measurements may then 
be compared to determine the optimal fan penetration 
setting for the particular fan system 10 in a vehicle. 

[0019] As best seen in Figures 3 and 4, the fan penetration fix- 
ture 22 has a threaded shaft portion 60, a locking sleeve 
62, and a flanged shaft portion 64. 

[0020] The threaded shaft portion 60 has a disc-shaped portion 
66 preferably having one or more holes 68 used to secure 
the disc-shaped portion 66 to the front portion 24 using 
bolts 28. The bolts 28 are preferably Allen held bolts 28. 
In the embodiment shown in Figures 1-3, six holes 68 are 
shown placed circumferentially around the outer perime- 
ter of the disc-shaped portion corresponding to six bolts 
28. However, as one of ordinary skill recognizes, any 



number of bolts 28 and corresponding holes 68 may be 
utilized to secure the disc-shaped portion 66 to the front 
gear portion 24. 
[0021] jhe threaded shaft portion 60 also has a threaded shaft 
70 extending outwardly from the disc-shaped portion 66. 
While the threading 71 of the threaded shaft 70 is shown 
in Figures 1-3 is shown as being a left-handed thread to 
prevent the fan accessories (including the fan hub portion 
34 and blades 32) from coming off towards the radiator 
40 during testing if the locknut was loosened, it is under- 
stood by those of skill in the art the threading could also 
be a right-handed thread if the system was modified to 
prevent the accessories from coming off towards the radi- 
ator 40. The length of the threaded shaft 70 is dependent 
upon numerous factors, including the type of vehicle in 
which the fan cooling assembly 20 is used and the desired 
cooling performance characteristics of the fan. By varying 
the length of the shaft 70, multiple fan penetrations may 
be achieved. 

[0022] The flanged shaft portion 64 has a disc-shaped body 80 
surrounding an inner threaded portion 82 that corre- 
sponds to the threading on the threaded shaft 70. A series 
of holes 84 on the disc-shaped body 80 spaced circum- 



ferentially around the inner threaded portion 82 are used 
to secure the flanged shaft portion 64 to the fan hub por- 
tion 34 using bolts 36, preferably Allen head bolts 36. A 
second set of holes 87 are used to secure the flanged 
shaft portion 64 to the locking sleeve 62 as described fur- 
ther below. The number of holes 84 and bolts 36 that 
preferably secure the flanged shaft portion 64 to the hub 
portion 34 is shown as six in Figures 1-3. 
[0023] The locking sleeve 62 has an outer disk 72 having an in- 
ner threaded portion 74 that corresponds to the threading 
on the threaded shaft 70. The locking sleeve 62 is thus 
twisted onto the threaded shaft 70. The outer disk 72 has 
a series of holes 76. A head bolt 78, preferably a 12-point 
flange screw, is then introduced through holes 76, 87 to 
secure the locking sleeve 62 to the flanged shaft portion 
64 at a particular fan penetration. The tightening of the 
bolts 78 also locks down the locking sleeve 62 and 
flanged shaft portion 64 onto the threaded shaft 70, 
therein "locking" the fan penetration fixture 22, and the 
fan blades 32, at a desired fan penetration to conduct an 
in-vehicle test of the cooling performance characteristics. 
While Figures 3 and 4 show four holes 76, 87 containing 
bolts 78, it is understood that two or more respective 



bolts 78 and a corresponding number of holes 76, 87 may 
be utilized to secure the locking sleeve 62 to the flanged 
shaft portion 64. 

[0024] Figure 5 below illustrates a logic flow diagram for the in- 
stallation and testing of the fan drive system 20 at various 
fan penetrations to determine to optimal fan penetration 
for a particular fan drive system 10. 

[0025] Referring now to Figure 5, and beginning with Step 100, 
an existing fan drive assembly 20 is uncoupled from the 
FEAD bracket on the front gear case 27 of the engine and 
removed from the vehicle. This is accomplished by re- 
moving the bolts 28 that secure the hub assembly 26 to 
the FEAD bracket on the front gear case 27. Next, in Step 
110, the existing fan clutch is removed from the fan hub 
assembly 26 by unscrewing bolts 31. 

[0026] In Step 120, a fan penetration fixture 22 is coupled to the 
front portion 24 of the fan hub assembly 26. This is ac- 
complished by first coupling the bolts 31 within the cor- 
responding holes 68 of the disc-shaped portion 66 and 
within holes of the front portion 24 and torquing 
(tightening) the bolts 31 to about 45 foot-pounds to se- 
cure the threaded shaft portion 60 to the fan hub assem- 
bly. Next, the inner threaded portion 74 of the locking 



sleeve 62 is screwed onto the threaded shaft 70. The in- 
ner threaded portion 82 of the flanged shaft portion 64 is 
then screwed onto the threaded shaft such that the disc- 
shaped body 80 is closely coupled to the outer disk 72 of 
the locking sleeve 62. 
[0027] In Step 130, the fan hub portion 34, including the fan 

blades 32, are secured to the flanged shaft portion 64 by 
installing bolts 36 through the holes 84 on the disc- 
shaped body 80 and torquing the bolts 36 to about 8 
foot-pounds. 

[0028] Next, in Step 140, the entire fan drive assembly 20, in- 
cluding the fan penetration fixture 22, is reinstalled back 
into the vehicle to be tested by retightening the bolts 28 
used to secure the hub assembly 26 to the FEAD bracket 
27. 

[0029] In Step 150, the hub portion 34 (and coupled flanged 
shaft portion 64 and locking sleeve 62) is rotated along 
the threaded shaft 70 to set the fan blades 32 at a desired 
fan penetration. In Step 160, bolts 78 are introduced 
through holes 76, 87 and tightened to about 25 foot- 
pounds using a torque wrench to secure the flanged shaft 
portion 64 to the locking sleeve 62 and "lock" the fan 
blades 32 at the desired fan penetration. 



[0030] In Step 170, the engine is turned on, and the engine tem- 
perature is raised to a desired operating temperature 
range. The fan drive system 20 is set to a desired fan ro- 
tational rate by adjusting engine rpm in order to measure 
one or more desired cooling system performance charac- 
teristics at the particular fan penetration. As one of ordi- 
nary skill in the fan drive system industry appreciates, a 
wide variety of cooling system performance characteristics 
may be measured at the particular fan penetration. For 
example, engine coolant temperature may be measured at 
the particular fan rotation rate. Alternatively, the air tem- 
perature may be measured at various points along the 
surface of the radiator 40. 

[0031] In Step 180, the fan penetration is changed by loosening 
bolts 78 and rotating the hub portion 34 to a second de- 
sired fan penetration. The bolts 78 are then retightened to 
25 foot-pounds as described above in Step 160. The de- 
sired cooling system performance characteristics are 
again measured for the second fan penetration as in Step 
170. As one of ordinary skill appreciates. Steps 170 and 
180 are repeated for each desired fan penetration. 

[0032] In Step 190, the measured cooling system performance 
characteristics for each of the various fan penetrations as 



determined above in Step 170 are compiled and analyzed 
to determine an optimal fan penetration for the particular 
fan drive system 20. 

[0033] In Step 200, the fan penetration fixture 22 is removed and 
the fan clutch replaced back onto the fan drive system 20. 
This acquired information also allows the fan clutch as- 
sembly to then be re-designed to incorporate the opti- 
mized fan penetration determined during testing. 

[0034] The present invention provides a method for testing cool- 
ing system performance characteristics for a particular fan 
drive system during in-vehicle cooling tests in a virtually 
limitless number of possible fan penetrations. This feature 
allows fan penetration positioning to be accomplished ac- 
curately and quickly. Further, the present invention allows 
quick changeovers without the need to cool down the en- 
gine for technicians between vehicle tests to perform ad- 
justments to the fan penetration, thereby decreasing 
changeover time associated with the cooling and subse- 
quent warm-up of the engine back to operating tempera- 
tures. 

[0035] While the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 



scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



